ABSTRACT Nowadays, the energy sector faces a lot of challenges because of environmental issues, the potential depletion of fossil fuels in the future, problems of technological development, etc. Despite the fact that alternative energy is a key factor of the energy sector's development, it still has several controversial questions, and one of them is "to what extent is nuclear energy safe for the world?" As a consequence, public acceptability has a role to play as it significantly affects the way nuclear energy should be developed in the next decades. In this paper, we provide the main results of the research made in December 2018 in Italy and Russia on students' attitude towards nuclear energy and its development in their homelands. The research method is a questionnaire which was carried out at the University of Trento, Italy, and at Ural Federal University, Russia. According to the given results, most of the students from both countries do not have a negative perception of nuclear energy. However, the opinions on its development in Italy and Russia are completely different: Russian students support the government's energy program in which nuclear energy is one of the most promising trends for the future, whereas Italian students do not accept the possibility that nuclear energy could come back into the Italian energy sector.
INTRODUCTION
Currently, the energy sector is undergoing significant changes: more and more countries are striving to switch to "green" energy, thereby reducing the level of anthropogenic impact on the environment. At the same time, circular economy is giving the energy sector a different role [1] , [2] . In a number of countries, nuclear energy is characterized as the energy of the future and referred to as "green". According to the European Environmental Energy report [3] , this area of energy has great prospects and may become a key factor in resolving the fuel and energy crisis in the future. The fundamentals of the nuclear energy generation are well-known, and pros and cons of its application are widely discussed [4] - [7] . The nuclear power generation demonstrates the highest level of environmental characteristics and the nuclear power plants give a high power output [8] . Moreover, the final cost of generated energy is much cheaper than energy produced by using fossil fuels. However, the lessons of accidents in the past, such as Chernobyl and Fukushima, moved the issues of safety and security at the nuclear power plants to the forefront, which contributed to the rapid development of new safety technologies [9] and raised requirements for personnel skills [10] .
According to the concept of sustainable development, it is necessary that nuclear power meets a number of criteria, which can generally be divided into political, social, environmental and welfare [11] . The group of social criteria can be called one of the most controversial and constraining the development of the industry in question. Due to the negative attitude of the population and the potential risks in a number of states, there are significant difficulties in its development [12] . For example, the governments of most developed countries, including Germany, Italy, Austria, the Czech Republic, and others, have suspended or completely abandoned the use of nuclear energy for peaceful purposes. The main reason for failure is the potential risks that can cause irreparable harm to humanity and the environment and the negative attitude of the population [13] .
Public opinion, in this case, directly correlates with the attitude of the government on the use of nuclear energy. More than 40% of US (which is one of the leaders of nuclear energy in the world) residents support the construction of new nuclear power plants (NPP) even after the Fukushima accident that occurred in 2013 [14] , while less than 7% of German citizens showed a positive attitude towards the resumption of their operation and the start of construction of new NPP [15] . It should be noted that Germany decommissioned all nuclear reactors immediately after the Fukushima accident in 2013.
Public opinion is a serious development barrier that can significantly restrain the development of technology and energy in general. The study [16] also revealed several components from which public opinion can vary significantly within the framework of a given topic: the level of awareness of the main aspects of the use of a particular type of energy, its perception by the population, the presence of fears and age.
In addition, there is a construal level theory (CLT), which is the most relevant nowadays when considering issues related to public opinion and nuclear energy [17] . In the framework of CLT, it is assumed that the greater the distance between the subject of perception and man, the more abstract the image is formed in human thinking [18] . So, for example, people with the smallest distance (low-distant) to nuclear power, are inclined to support the state in matters of its development, whereas people, living in a state that does not support nuclear power and thus being "distant" from it, are convinced in a high risk of its use [19] . The human psyche is not able to assess all the risks of a process or phenomenon that is physically distant from an individual. CLT clearly demonstrates that the level of public awareness in various aspects of energy is a key factor in its development as a whole. Currently, the relationship between the level of development of nuclear energy, state policy in this matter and public opinion is not well understood, especially among young people aged 21 to 35 years. The low level of elaboration of the problem determined the main goal of the research -studying the attitude of young people to nuclear energy in countries with different energy policies in order to identify the relationship between such factors as attitudes towards nuclear energy, risks, the level of state support in this matter and the awareness of the technical aspects of its use.
CONDITION OF NUCLEAR ENERGY INDUSTRY IN RUSSIA AND ITALY
Nowadays Italy is a leader in the development of renewable energy sources [20] . However, in the period from 1960s to 1980s the Italian government actively encouraged the development of nuclear energy as well. Due to Chernobyl disaster at 1986 which had taken place at the territory of the modern Ukraine, Italian energy policy significantly changed. In Russia, the development of nuclear energy didn't stop, neither after the Chernobyl disaster nor after serious political reforms in 1990s.
Nuclear energy industry in Russia
The Russian Federation is one of the leaders in nuclear energy usage and its development. Moreover, Russian nuclear industry is highly interested in several projects which are being implemented abroad such as construction of nuclear power plants and their further operation. In the next few decades Russian companies are planning to construct and build up more than 20 nuclear reactors in India, Pakistan, Algeria etc. These projects are worth more than $133 billion overall according to latest calculations made in 2017. Currently there are 35 operated nuclear reactors in Russia (Table 1) . Despite the fact that the level of nuclear energy development is considerably exceeds average point among other countries, the volume of its consumption is much lower in comparison to the fossil fuel usage. Fig. 1 provides the structure of primary energy consumption in Russia in 2017.
According to the Fig. 1 , the large share in the primary energy consumption in Russia is oil and natural gas: 22% and 52% respectively, whereas the nuclear power share is only 7% -lower than coal consumption, which is 13%.Most of all, nuclear power plants are mainly located in the Western part of Russia due to the significant difference in the level of development among regions, their financing and population density. Russia is also a leader in the development and producing of fast neutron reactors. This type of reactors has favourable environmental performance as that type of reactors can reduce the total radiotoxicity of nuclear waste [22] . Moreover, it has a standpoint of involving uranium 238 in the fuel chain, which is a strategic solution to the problem of providing nuclear fuel.
Nuclear energy industry in Italy
Nuclear energy in Italy was developing since 1958 till 1990s. In this period, 4 nuclear power plants were constructed and operated. Their total capacity was around 1423 MW (Table 2 ). The Chernobyl disaster was the main reason for nuclear power plants' shutdown. In 1987, Italian government held a national referendum on the destiny of nuclear energy's future. Most citizens voted against of its development. Currently, Italy doesn't produce nuclear energy, however it is possible to import nuclear energy from other producers and take part in their construction within foreign nuclear projects.
The structure of primary energy consumption in Italy is quite similar to the Russian one. Consumption of imported fossil fuels takes the first and second place: natural gas consumption is about 40%, whereas oil consumption is 39%. Renewable energy is in the third place in terms of total energy consumption (Fig. 2) . Both countries mainly use natural gas as a primary energy source: 40% in Italy and 52% in Russia. It should be noted that the coal usage in Italy is significantly lower in comparison to Russia. Renewable energy in Russian primary energy consumption structure is less than 1% that provides low level of its development, while nuclear energy consumption is more than 7% (Fig. 1 ).
There is a completely different situation in Italy: while the generation of nuclear energy is absent, 10% of the total number of energy consumption is renewable energy sources, apart from hydroelectric.
RESEARCH METHODS
This research entails an international project studying students' attitude towards nuclear energy development. Authors carried out a survey in order to estimate the public acceptability of nuclear energy among young people of both counties. This paper analyses the questionnaire responses and provides crucial trends discovered within project study.
The survey was designed with aid of students of Ural Federal University: a technical section was made by the students of Power Engineering Institute and other section was provided by students of Graduate School of Economics and Management. Voluntary respondents were students of technical major studying at Ural Federal University named after the first president of Russia, B.N. Yeltsin (Ekaterinburg, Russia) and at University of Trento (Trento, Italy). The survey includes 8 multiply choice questions about different aspects of nuclear energy (Table 3) . The survey includes several blocks that aids to not only reveal the attitude of students to nuclear energy, but also to check their level of awareness of the basic aspects of the use of this type of energy.
The first section (questions 1-4) was a collection of information about the general attitude of young people to nuclear energy.
The second section of the survey (questions 5-8) related to the basic theoretical aspects of nuclear energy (mainly, security and technological components).
The survey includes three main stages: The suggested survey is valid as a first stage of the general assessment of students' attitude towards nuclear energy in different countries and further may be more detailed developed and include additional questions.
RESULTS AND DISCUSSION
The study was based on the analysed data in order to confirm or refute the thesis about the correlation between the development of nuclear energy and public attitudes towards that in different countries (Italy and Russia). Both countries have completely opposite policies for the energy sector development: in Russia, nuclear energy shows an upward trend, while the Italian government has completely abandoned the construction and operation of nuclear power plants due to potential risks.
According to results of the first section, it might be concluded that the young people of both countries have more positive opinion about nuclear energy: more than half of all students surveyed do not consider nuclear energy dangerous (Table 4) . Table 4 :
The percentage of answers to the question "In your opinion, does the construction of nuclear power plants pose a potential risk to the environment of the region you currently live in?" (%). A possible reason for the significant difference in respondents' answer might be caused by fact that both the countries might have an absolutely different perception of nuclear energy.
Since the 1990s, the Italian government and the governments of other European countries (e.g. Austria, Czech Republic) have introduced a strict policy towards nuclear energy: in addition to the rejection of the construction and operation of nuclear power plants, the policy also has influenced the public attitude towards it and changed the public acceptability.
Students of the Russian University, on the contrary, believe that nuclear energy can be counted as a green one, and be part of environmentally safe energy sector, which is also due to the dissemination of information about the positive factors of its use (for instance, long-term perspective of its production and safety for the environment and people).
After the question about "green" energy, respondents had to answer the question related to the benefits of using nuclear power plants. According to the results, Russian students believe that the main benefit of nuclear energy is the environmental friendliness: more than 57% chose this answer, while the majority of Italian students mentioned the possibility of minimizing problems with the supply of electricity (82%). This ratio of responses clearly demonstrates the attitude of the population of both countries to the energy sector and its structure at all. It should be noted that none of the total number of respondents chose the option of saving fossil fuels. The final question of the first block was about the attitude of students to the current state policy on nuclear energy (Fig. 4) . Respondents from both The most negative evaluation of nuclear energy was given by students of the Civil Engineering Department at Ural Federal University that might be caused by lack of knowledge in this area or the specifics of the study major. At the same time, despite the negative attitude of the Italian government, most students do not consider nuclear energy to be potentially perilous. Many students mentioned the point, that in case of minimizing the impact of the human factor during nuclear plants operation, nuclear power might be the main perspective of the world energy sector in near future.
Despite the positive attitude of young people, most of Trento University students believe that nuclear energy cannot be attributed to the green energy. Fig. 3 shows a radar chart with a ranking of the answers to the question "In your opinion, could the nuclear energy be the part of the 'green' energy?" Figure 4 : The ratio of students' answer about their approval of the governments' attitude to nuclear energy in the country they currently live in (%).
countries, approve of the government's policy according nuclear energy technologies, which is partially correlated with the answers to previous questions. The second block of the survey (questions 5-8) related to the basic theoretical aspects of nuclear energy (mainly, security and technological components). Students from both countries demonstrated a high level of knowledge in the technical aspects of nuclear power plant's construction and operation. Fig. 5 shows the percentage of correct answers among students on questions 5-6 of the survey. However, energy students or civil engineering students usually get the basics of nuclear power plant operation in some courses during the first two years of study. A positive sign is that more than 50% of students from Russia and Italy gave the correct answer to the first two questions of the second block (the main and only purpose of using the cooling tower at nuclear power plants is water cooling process and the fuel used at nuclear power plants is uranium, respectively).
The reverse trend is observed in the issues of compliance with safety measures in case of emergencies. Most students of Ural Federal University gave the correct answer to the 7th question of the survey "How to protect yourself against alpha radiation?" (87.5%), whereas only 11% of Italian students are aware of the need to wear outerwear [24] . Moreover, 64% of Italian students preferred the answer "to run away from the radiation source". The main reason for this response ratio is that in Italy nuclear energy sector stopped its development more than 29 years ago, which causes the lack of need for training of this kind of skills. In Russia, this is a mandatory part of the subjects related to the safety of life.
The 8th question of the survey was "In your opinion, is a person exposed to radiation dangerous?". The main purpose of this question was to evaluate students' understanding of the effects of radiation on the human body. Table 5 shows the percentage of students in both countries who answered this question. Only 4% of Italian students gave the correct answer to the question, compared with 51.6% of Russian students: a person exposed to radiation is not a danger to others [25] . The possible reason for the results may coincide with the conclusion of the analysis of the answers to question 7. In general, a partial correlation was revealed between the use of nuclear power plants in a single state and the attitude of the population to this energy sector.
A significant part of Italian students, despite the relatively positive attitude to nuclear energy, supports the ban on the construction and operation of nuclear power plants in the Italian Republic, arguing for the need to develop renewable energy sources. Another identified feature is the high level of awareness of students of the University of Trento in the technological aspects of nuclear plant, but low knowledge in the field of security. Russian students living in the immediate vicinity of the Beloyarskaya Nuclear Power Plant demonstrated the relevant results: a positive attitude to nuclear energy, knowledge of the basic principles of its operation and safety.
According to a number of studies, the growth of loyalty to nuclear power in European countries was observed in 1990-2000 [26] . After this period, residents of most European countries have significantly changed their attitude, especially after the accident at the Fukushima nuclear power plant. In the course of the study conducted by the authors, it was expected that Italian students would demonstrate a low level of perception of nuclear energy, which would be due primarily to the attitude of the government [27] . Students of the University of Trento have no negative perceptions, as well as Russian students, but in general they do not support the initiative of construction and operation of nuclear power plants in territory of Italy. A possible reason may be that in Italy more attention is paid to renewable energy sources, which are actively developing in almost all parts of the country. The reason is public attitude: there are certain values for the maintenance of bioenergy among people, and nuclear energy is not perceived as a possible alternative. Moreover, another identified trend is the relationship between the age of respondents, their knowledge about nuclear power and their attitude to it. The authors found that young people, who, for the most part, possess a sufficient level of knowledge about nuclear power and are aware of the basic principles of nuclear power plants, are more loyal to the construction of additional nuclear power plants or power units to them. The revealed relationship between the level of knowledge and attitude leads to the conclusion that in the future the younger generation may be more loyal to nuclear energy, which will increase the pace of its development around the world.
CONCLUSIONS
In general, the results show that the younger generation of both countries is quite loyal to nuclear power: many understand its prospects in the energy sector and objectively assess the possibility of risks. Despite this, Italian students do not support the idea of building and renewing the use of nuclear energy in Italy, which is an element of public opposition to the whole idea of the development of nuclear energy. Meanwhile, public approval in such matters plays a key role, since it contributes to the formation of the necessary understanding of the use of certain technologies.
